Macrolide-resistant mutants of Mycoplasma pneumoniae were selected in vitro from the susceptible reference strain M129, by 23 to 50 serial passages in subinhibitory concentrations of macrolides and related antibiotics, erythromycin A, azithromycin, josamycin, clindamycin, quinupristin, quinupristin-dalfopristin, pristinamycin, and telithromycin. Mutants for which the MICs are increased could be selected with all antibiotics except the streptogramin B quinupristin. Portions of genes encoding 23S rRNA (domains II and V) and ribosomal proteins L4 and L22 of mutants were amplified by PCR, and their nucleotide sequences were compared to those of the susceptible strain M129. No mutation could be detected in domain II of 23S rRNA. Two point mutations in domain V of 23S rRNA, C2611A and A2062G, were selected in the presence of erythromycin A, azithromycin, josamycin, quinupristin-dalfopristin, and telithromycin. Mutants selected in the presence of clindamycin and telithromycin harbored a single amino acid change (H70R or H70L, respectively) in ribosomal protein L4, whereas insertions of one, two, or three adjacent glycines at position 60 (M. pneumoniae numbering) were selected in the presence of both streptogramin combinations. Telithromycin was the sole antibiotic that selected for substitutions (P112R and A114T) and deletions ( 111 IPRA 114 ) in ribosomal protein L22. Three sequential mutational events in 23S rRNA and in both ribosomal proteins were required to categorize the strain as resistant to the ketolide. Azithromycin and erythromycin A were the only selector antibiotics that remained active (MICs, 0.06 and 1 g/ml, respectively) on their mutants selected after 50 passages.
Mycoplasma pneumoniae is a common etiological agent of community-acquired respiratory tract infections in children and young adults. Macrolide and related antibiotics are the drugs of choice for the treatment of these infections, and strains with acquired resistance to macrolides have been rarely described. However, resistant strains of M. pneumoniae have been obtained in vitro, by selection in the presence of erythromycin A (20, 22, 27) , and few macrolide-resistant M. pneumoniae isolates have been reported from patients treated with these antibiotics (8, 22, 27) .
Macrolide, lincosamide, streptogramin, and ketolide antibiotics (MLSKs) inhibit protein synthesis by binding to domain V of 23S rRNA, and domain II is in the vicinity of this binding site (1, 12, 17, 26) . Three main mechanisms of resistance have been reported: drug inactivation, active efflux, and modification of the target sites by methylation or mutation (29, 34) . Mutations in domains II and V of 23S rRNA and in ribosomal proteins L4 and L22 were involved in resistance to MLSKs, first in bacteria with a small number of rrn operons and more recently in bacteria like Streptococcus pneumoniae and Staphylococcus aureus with four and six rrn operons, respectively (25, 29, 32) . In mycoplasmas, gram-positive related bacteria which possess one or two copies of 23S rRNA, only resistance by point mutations in the peptidyltransferase loop of domain V of 23S rRNA has been described (13, 20, 22, 23) . The genome of M. pneumoniae is entirely sequenced (18) and possesses only one copy of the rRNA gene operon. In this species, an A2058G transition (Escherichia coli numbering) was found in a clinical clindamycin-resistant strain isolated from a 9-year-old girl (22) , whereas mutations at positions 2058 and 2059 were described in erythromycin-selected resistant mutants (20, 22) .
As in M. pneumoniae little is known on mechanisms of resistance to macrolides and related antibiotics, the aim of this study was to select for mutants resistant to MLSKs, by serial passages of the reference strain M129 in subinhibitory concentrations of different macrolides (erythromycin A, azithromycin, and josamycin), of a lincosamide (clindamycin), a streptogramin B (quinupristin), two streptogramin combinations (quinupristin-dalfopristin and pristinamycin), and a ketolide (telithromycin). Mechanisms of resistance of these mutants were investigated by sequencing portions of genes encoding domain II and V of 23S rRNA and ribosomal proteins L4 and L22.
MATERIALS AND METHODS
Bacterial strains. The reference strain M. pneumoniae M129 (ATCC 29342) was used to select for macrolide-resistant mutants. Mycoplasmas were grown at 37°C in Hayflick modified agar or broth medium supplemented with glucose (33) .
Antibiotics. The following antimicrobial agents were provided by the indicated manufacturers: erythromycin A, josamycin, quinupristin, quinupristin-dalfopristin, pristinamycin, and telithromycin (Aventis, Romainville, France); azithromycin (Pfizer, Orsay, France); and clindamycin (The Upjohn Co., Guyancourt, France).
Selection of macrolide-resistant mutants of M. pneumoniae M129. Selection of macrolide-resistant mutants was performed by serial transfers of M. pneumoniae M129 in Hayflick modified broth medium containing subinhibitory concentrations of erythromycin A, azithromycin, josamycin, clindamycin, quinupristin, quinupristin-dalfopristin, pristinamycin, or telithromycin. For the first passage, the reference strain M. pneumoniae M129 was inoculated in Hayflick modified medium with increasing twofold dilutions of each antibiotic. The MIC was determined as the lowest concentration of antimicrobial agent that prevented a color change in the medium at the time when the drug-free growth control first showed a color change (after about 5 days of incubation at 37°C). The culture containing the highest antibiotic concentration with visible growth was used to inoculate another antibiotic dilution panel for the following passage. When the MIC of the selector antibiotic increased fourfold, the culture was plated on Hayflick modified agar without antibiotic and five clones were subcultured, except for the 47th pristinamycin selection passage for which 10 clones were studied. MICs of each macrolide and related antibiotics were then determined for these clones by an agar dilution method, as previously described (2) .
Fifty passages were performed for each selector antibiotic except for josamycin, for which high-level-resistant mutants were obtained after 23 passages. At least five consecutive subcultures in antibiotic-free medium were realized for each drug selection experiment. At the 50th and the 55th passages (23rd and 28th passages for josamycin), MICs of all drugs were determined again to check whether the phenotype was stable without selection pressure.
PCR amplifications and DNA sequencing. The macrolide-resistant mutants were screened for the erythromycin resistance genes erm(A), erm(B), erm(C), mef(A), and msr(A) by PCR amplification with primers previously described (28) . Moreover, random amplified polymorphic DNA analysis was performed according to the method of Cousin-Allery et al. (7) on the reference strain M. pneumoniae M129 before antibiotic exposure and on its macrolide-resistant clones issued from the last passage of each antibiotic selection.
Specific oligonucleotidic primers for regions of interest in genes encoding 23S rRNA domain II and domain V and L4 and L22 ribosomal proteins of M. pneumoniae M129 were designed from the complete genome sequence (18) and are shown in Table 1 . PCRs were performed as previously described for M. pneumoniae (20) with some modifications. Briefly, PCRs were carried out with a Perkin-Elmer Cetus thermal cycler with a 1 M concentration of each primer, Taq DNA polymerase (Eurobio), and 2.5 l of a broth culture as the template. Amplification was achieved with an initial denaturation step of 10 min at 94°C, 40 cycles of 1 min at 94°C, 1 min at the appropriate hybridizing temperature, and 1 min at 72°C; and a final 10-min extension step at 72°C. Hybridizing temperature was 60°C for amplification of both ribosomal protein gene fragments and 57°C for a 2,178-bp fragment of 23S rRNA encompassing regions of interest in domain II and domain V (primers MP23S-17b and MP23S-23 [ Table 1 ]). After purification with the Wizard PCR preps DNA purification system (Promega), both strands of the PCR products were sequenced with an ABI PRISM dRhodamine terminator cycle sequencing ready reaction kit and an ABI PRISM 377 sequencer (Applied Biosystems), according to the manufacturer's instructions. With primers designated in Table 1 , three DNA fragments of 23S rRNA and one fragment of ribosomal proteins L4 and L22 were sequenced. For each passage with a significantly increased MIC of antibiotic, two of the five clones subcultured were characterized by amplification and sequencing. Two clones subcultured from passages 45 to 50, depending on the selector antibiotic, were systematically characterized, except for josamycin. Ten clones issued from the 47th passage in pristinamycin were studied.
RESULTS
Selection of MLSK-resistant mutants of M. pneumoniae M129. Mutants resistant to macrolides and related antibiotics were isolated by serial passages of the parental strain M. pneumoniae M129 in subinhibitory concentrations of erythromycin A, azithromycin, josamycin, clindamycin, quinupristin, quinupristin-dalfopristin, pristinamycin, and telithromycin. When the passage MIC increased fourfold, two out of the five clones subcultured were studied. For each passage of interest, only MICs of one clone are shown in Table 2 since no significant difference was observed between the susceptibilities of the two clones. Moreover, for each antibiotic selection experiment, resistance phenotype remained stable in all mutants after five consecutive subcultures in antibiotic-free medium.
Mutants with significantly increased MICs could be selected with all the selector antibiotics except with quinupristin. With this streptogramin B antibiotic, MICs did not increase even after 50 passages. According to the definitions of the Comité de l'Antibiogramme de la Société Française de Microbiologie (6), passaged strains categorized as resistant to all MLSKs except to azithromycin could be obtained. Indeed, after 50 passages in subinhibitory concentrations of azithromycin, MICs for selected clones remained below the breakpoint (MIC, 0.06 g/ml). Moreover, whatever the selecting MLSK drug, all M. pneumoniae selected strains remained categorized as susceptible or intermediate-susceptible to azithromycin (MICs Յ 1 g/ml). High-level resistance to erythromycin A and to telithromycin (MICs Ն 64 g/ml) was obtained only with telithromycin as the selector drug. Resistance to clindamycin developed in selection experiments with streptogramins and clindamycin. Moreover, MICs of josamycin, a 16-membered macrolide, and of streptogramin combinations, pristinamycin and quinupristin-dalfopristin, were significantly increased only when selections were performed with these three antibiotics. 
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The macrolide-resistant mutants were screened for the erythromycin resistance genes erm(A), erm(B), erm(C), mef(A), and msr(A). None of the isolates had a PCR product specific to any of these resistance determinants (data not shown). Moreover, to ensure that the M. pneumoniae strain was the same before and after antibiotic exposure, random amplified polymorphic DNA analysis was performed with the reference strain M. pneumoniae M129 and with mutants issued from the last passage of each antibiotic selection. As expected, mutant profiles were identical to the parental strain profile (data not shown).
23S rRNA mutations in passaged mutants. Two of the five clones subcultured were analyzed by amplification and sequencing of the domains II and V. Nucleotidic sequences were always identical for both mutants ( Table 2) .
The mutants selected at the second passage in the presence of azithromycin (mutant A2) and telithromycin (T2), and at the third passage in the presence of erythromycin A (E3) harbored a C2611A mutation in domain V of 23S rRNA. For these mutants, this transversion resulted in the same phenotype of resistance with 4-to 33-fold-increased MICs of 14-and 15-membered macrolides and of telithromycin. However, the MIC differences did not constitute defined resistance, and there were no changes in MICs of the other MLS antibiotics. Note that clones issued from the last passages with erythromycin A or azithromycin were also sequenced and did not harbor any additional mutations in portions of the 23S rRNA, L4, and L22 genes investigated.
With josamycin as the selector antibiotic, a 4-fold-increased MIC of this 16-membered macrolide was observed at the 20th passage (J20), but no alteration was observed in the 23S rRNA, L4, and L22 characterized sequences (Table 2) . At the 23rd passage (J23), a A2062G substitution was selected. The MIC of josamycin dramatically increased (MIC, 512 g/ml), and MICs of pristinamycin and quinupristin-dalfopristin were also significantly higher (33-fold increase). Other antimicrobials were less affected, with a 4-to 8-fold-increased MIC, whereas the MIC of clindamycin remained unchanged. Consequently, after b M. pneumoniae M129 is the parental strain. Mutants are designated by the initial of the selector antibiotic followed by the passage number. Fifty passages were performed for each selector antibiotic except for josamycin (23 passages). Only passages with a significant MIC increase (at least fourfold) are presented in Table 2 . For these passages, two of the five clones subcultured were studied. Only MICs for one clone are shown since no significant difference (no more than one dilution) was observed between the susceptibilities of both clones. Their nucleotide sequences were always identical.
c E. coli numbering. d M. pneumoniae numbering. e -, no mutation. f Ten clones issued from the 47th passage in pristinamycin were studied. Six of them harbored a two-glycine insertion and four of them harbored a three-glycine insertion at position 60 of the L4 protein, but their MICs remained identical.
23 passages, the selected clone J23 was categorized as resistant to the 16-membered macrolide and to both streptogramin combinations. This mutation was also present in mutants selected at the 35th passage in the presence of quinupristindalfopristin. When this mutation appeared, MICs of the same antibiotics increased similarly, 1,024 times for josamycin and 8 to 32 times for both streptogramin combinations.
Mutations in ribosomal protein L4. Mutants selected with clindamycin, telithromycin, and streptogramins harbored mutations in ribosomal protein L4 (Table 2) . Clindamycin-selected mutants (C30) had a point transition (A209G) that led to a single amino acid change from histidine to arginine at position 70 (H70R) (M. pneumoniae numbering), whereas telithromycin selected a point transversion at the same position (A209T) that replaced the histidine with a leucine (H70L) for mutants T32, T37, and T48. These mutants, which exhibited an amino acid change at the same position, did not have an identical resistance MIC profile. The H70R but not the H70L substitution led to a significantly increased MIC of clindamycin (MIC for mutant C30, 16 g/ml), whereas the H70L substitution led to a significantly increased MIC of erythromycin A (MIC for mutant T32, 64 g/ml) and of telithromycin (MIC, 4 g/ml), but not of clindamycin (MIC, 2 g/ml). However, both substitutions led to a fourfold increase of the josamycin MIC.
At the 20th passage, mutants selected with both streptogramin combinations, pristinamycin (P20) and quinupristindalfopristin (S20), harbored a three-nucleotide insertion (GGT) leading to an insertion of a glycine (Table 2 ). This insertion is located in a region of the protein where three glycines are already present at positions 60 to 62 (M. pneumoniae numbering). Consequently, it was not possible to know where this insertion really took place between positions 60 and 62, and we arbitrarily located it at position 60. In both cases, this insertion moderately affected the activity of josamycin and clindamycin (fourfold MIC increase). However, resistance phenotypes of mutants P20 and S20, which harbored the same glycine insertion, were not identical. For mutant P20, MICs of erythromycin A, azithromycin, and telithromycin were four-to eightfold increased, whereas for mutant S20, MICs of these antimicrobials were unchanged. Interestingly, mutants selected at the 47th passage in the presence of pristinamycin (P47) harbored one or two additional GGT insertions at the same position that led to an insertion of a total of two or three glycines. Among the 10 subcultured clones obtained from this passage, 6 of them harbored a two-glycine insertion and 4 of them harbored a three-glycine insertion. This additional insertion of one or two glycines increased MICs of josamycin and streptogramins eightfold. However, it should be noted that insertion of a total of two or three glycines at this position led to an identical resistance phenotype (Table 2) .
Mutations in ribosomal protein L22. Mutations in ribosomal protein L22 were selected only in the presence of telithromycin (Table 2) . Three successive changes were obtained. At the 20th passage (T20), mutants differed from the parental strain by one base (G340A), leading to a single-amino-acid change from alanine to threonine at position 114 (M. pneumoniae numbering). This substitution increased by two-to fourfold the MICs of erythromycin A, azithromycin, and telithromycin. At the 37th passage (T37), another substitution (C335G) led to an additional P112R. This mutation increased by four times the MIC of telithromycin. At least, at the 48th passage (T48), a 12-bp deletion led to the suppression of four amino acids between threonine 110 and lysine 115. Consequently, both amino acids substituted in the preceding passages were deleted. This last change led to a complete loss of activity of telithromycin (MIC, 128 g/ml), the activity of other MLS being unchanged (Table 2) .
Combined mutations in different ribosomal targets. In this study, 14-, 15-, and 16-membered macrolides selected only one mutation in 23S rRNA. Clindamycin, a lincosamide, and pristinamycin, a streptogramin mixture, selected one mutation in ribosomal protein L4, whereas the other streptogramin association, quinupristin-dalfopristin, selected a modification in both structures, 23S rRNA and L4. Interestingly, the ketolide telithromycin successively selected five changes. 23S rRNA was first affected, and then ribosomal protein L22, ribosomal protein L4, and again protein L22, with amino acid substitutions replaced by a four amino acid deletion, were affected. At each stage, an increase of the ketolide MIC could be noted. Three sequential mutational events were required to categorize the strain as resistant to telithromycin (mutant T32 [ Table 2 ]), and two additional modifications led to a high-level resistance to the ketolide (T48).
DISCUSSION
In this study, selection of macrolide-resistant mutants of M. pneumoniae M129 was associated with a variety of mutations in 23S rRNA and in ribosomal proteins L4 and L22. In M. pneumoniae, resistance by mutation is the most expected mechanism of resistance, and so far it is the only one described in this species (20, 22) , since this mycoplasma harbors only one copy of the rRNA gene operon (18) . Thus, heterozygous strains or gene dosage effect, previously described for Mycoplasma hominis (13, 23) or other bacteria (19, 25) with at least two copies of rRNA, could not exist in M. pneumoniae.
MLSKs are not equally active in selecting resistance in M. pneumoniae. After serial passages in subinhibitory concentrations, erythromycin A, azithromycin, clindamycin, or josamycin selected only one mutation, but these mutations did not appear at the same stage of the selection. Erythromycin A and azithromycin selected a 23S rRNA substitution very early, as soon as the second or the third passage, but these antimicrobials remained active. In contrast, josamycin and clindamycin selected mutations later, at the 23rd or the 30th passage, leading to the complete loss of activity. In telithromycin, three mutations and 32 passages were required to categorize M. pneumoniae as resistant. However, this is the only MLSK that selected five mutations in 23S rRNA or in ribosomal proteins. This is in contrast with a previous selection study reported for S. pneumoniae (5, 9) , where telithromycin selected macrolide-resistant mutants less often than the other drugs. Moreover, all S. pneumoniae mutants for which the MIC of telithromycin was Ն1 g/ml were cross-resistant to other macrolides. In our work, the resistant mutant of M. pneumoniae that was highly resistant to telithromycin (T48; MIC, 128 g/ml) remained susceptible or intermediate-susceptible to azithromycin, josamycin, clindamycin, and streptogramin combinations. Interestingly, among the eight selecting drugs, erythromycin A and azithromycin are the sole antibiotics which are still active against their selected VOL. 48, 2004 MACROLIDE RESISTANCE IN MYCOPLASMA PNEUMONIAE 463 isolates after 50 serial passages. Moreover, a concentration of azithromycin of 1 g/ml inhibited all M. pneumoniae resistant mutants selected in this study. Although mutations in 23S rRNA at position 2058 and 2059 are the only mutations described so far in M. pneumoniae (20, 22) and are the most commonly associated with macrolide resistance in other species of bacteria (29, 32) , no mutation was found at these positions in this study. Moreover, no mutation was observed in domain II of 23S rRNA even in mutants selected with telithromycin. Nevertheless, two substitutions, C2611A and A2062G (E. coli numbering) were selected in 23S rRNA. Note that the use of only one parental strain for this selection could introduce a bias and may explain why different mutations were seen here. However, Lucier et al. selected M. pneumoniae resistant mutants harboring A2058G or A2059G mutations also by growing an M129 M. pneumoniae strain in the presence of erythromycin (20) . To our knowledge, mutations C2611A and A2062G had never been reported in M. pneumoniae, but substitutions at these positions had been described in M. hominis, a genital human mycoplasma (13, 23) . The C2611A transversion was previously described in S. pneumoniae alone (30) or associated with a substitution in ribosomal protein L22, at the same position as the 114 substitution found in the telithromycin-selected M. pneumoniae mutant (T20). In both studies, those two mutations led to the same resistance profile, with 14-and 15-membered macrolides and ketolides affected. This C2611A substitution disrupts the base pair G2057-C2611, leading to an opening of the stem preceding the single-stranded portion of the peptidyltransferase region. As described for S. pneumoniae (5), it gave only small advantage to the bacteria as it led to a low-level resistance.
The substitution at position 2062 has been described in a josamycin-selected strain of M. hominis (13) and in a clinical strain of S. pneumoniae (11) . As in our study, 16-membered macrolides and streptogramins were significantly affected. This is consistent with the protection seen at position A2062 with streptogramins in rRNA footprinting studies (24) . Moreover, the recently published crystal structure of complexes between the large ribosomal subunit from Haloarcula marismortui and three 16-membered macrolides, tylosin, spiramycin, and carbomycin A, showed a covalent bond between the ethylaldehyde at C-6 of the macrolide and the N-6 of A2062 (16) . As josamycin possesses the same ethylaldehyde grouping at C-6, we could speculate that a mutation at position 2062 of 23S rRNA may therefore highly perturb the binding of this macrolide to the ribosome and account for the high-level resistance harbored by the mutants. Lastly, the crystal structure of 14-membered macrolides binding on the 50S ribosomal subunit showed that the 6-hydroxy group of erythromycin A is within hydrogen bonding distance of N-6 of A2062 in Deinococcus radiodurans (26) . This is consistent with the eightfold increase of the erythromycin MIC found for our M. pneumoniae A2062G mutant (J23). Interestingly, an A2062C transversion was described in a mutant of Halobacterium halobium resistant to chloramphenicol (21) but our mutants did not show any increased MIC of this antibiotic (data not shown).
Mutations obtained in ribosomal protein L4 are all located in a highly conserved disordered loop of the protein, which is the main rRNA-binding site of the ribosomal protein (35) . Consequently, since crystallographic studies showed no direct interaction between ribosomal protein and macrolides (16, 26) , resistance presumably results from an indirect conformational change in the tunnel region that forms a major portion of the macrolide binding site (15) . Clindamycin and telithromycin selected substitutions at position 70 (M. pneumoniae numbering). This position has previously been described to be mutated in S. pneumoniae (30) . Interestingly, in our study, the H70R and the H70L substitutions did not lead to the same phenotype of resistance, but the reason of this difference remained unknown. Streptogramins, pristinamycin and quinupristin-dalfopristin, selected insertions of one, two, or three adjacent glycines in a region of the L4 protein where three glycines are already present. These three-, six-, or nine-nucleotide inserts (GGT, GGTGGT, or GGTGGTGGT) may result from a slippage of the DNA polymerase, as the preceding nucleotides (GGTGGTGGT) are identical to those of the insert. However, the reason for the different resistance phenotypes observed between mutants P20 and S20 despite the same L4 protein insertion remains unknown. For these mutants, sequencing the entire 23S rRNA, L4, and L22 genes could be useful to detect any additional mutation.
Only mutants selected by telithromycin harbored mutations in ribosomal protein L22. This preferential selection of L22 mutations by this ketolide was also described for S. pneumoniae (5) . Interestingly, the same proline 91 (P112 in M. pneumoniae) and alanine 93 (A114 in M. pneumoniae) were substituted, indicating a preferential site of mutation for developing telithromycin resistance. These amino acids are located in the protruding ␤ hairpin of the protein, between ␤ strands 2 and 3, in a highly conserved region (31) . Nevertheless, these substitutions only slightly increased MICs of MLSKs. Interestingly, the M. pneumoniae mutants selected after 48 passages in telithromycin in this study (T48) harbored a deletion of 4 amino acids between the end of the ␤ strand 2 and the highly conserved glycine 116 (31) . This deletion only affects the activity of telithromycin (eightfold MIC increase). The ␤ hairpin is involved in interactions with all domains of 23S rRNA (1) . Recently, the crystal structure of Thermus thermophilus L22 mutant showed that the L22 ␤ hairpin tip is in close proximity with the nucleotides of helix 35 in domain II (10) . Arginine 109 and alanine 110 of L22 protein, corresponding to the deleted arginine 113 and alanine 114 in M. pneumoniae mutants T48, are close to nucleotides G748 and A750 in domain II of 23S rRNA (E. coli numbering). Moreover, the crystal structure of telithromycin bound to the D. radiodurans large ribosomal subunit showed that the antibiotic is located in close proximity to nucleotides of the helix 35 (4). Consequently, deletion of the four amino acids in M. pneumoniae mutants may disrupt the contact of the L22 ␤ hairpin with domain II of 23S rRNA, thereby altering the binding site of the ketolide leading to the observed increased resistance to telithromycin. Another hypothesis is that the deletion could decrease the length of the ␤ hairpin, which is constant in all species. As the ␤ hairpin is forming a large part of the surface of the polypeptide exit channel (1), the deletion could modify the width of the tunnel. If this deletion leads to a widening of the tunnel entrance, as described for E. coli mutants (14) , a resistance could develop by a lack of obstruction of the tunnel by the antibiotic. However, this hypothesis does not explain why telithromycin is the only antimicrobial affected by this deletion in L22 ribosomal protein.
At least, it should be noted that no mutation was found in the sequenced portions of 23S rRNA, L4, and L22 genes at the 20th passage for the josamycin-selected mutant, despite a fourfold-increased MIC. Other experiments need to be performed to detect additional mechanisms, like mutations elsewhere in the 23S rRNA or in ribosomal proteins, or eventually a drug efflux system that may contribute to the resistant phenotype of this mutant.
In conclusion, this study showed that a variety of mutations can be selected in vitro in M. pneumoniae with different MLSKs. To date, this is the first description of mutations in ribosomal proteins L4 and L22 associated with macrolide resistance in mycoplasmas. These laboratory-derived mutants could be predictive for mutations observed in clinical strains, as has been noted for resistance to fluoroquinolones (3).
